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Autophagy is a catabolic process that is necessary for cellular homeostasis maintenance. Autophagy occurs due to stressful conditions such as nutrient deprivation, hypoxia, and DNA damage, or upon exposure of cancer cells to chemotherapy, which subsequently leads to the creation of autophagosomes that consume damaged organelles and long-lived proteins. Thereafter, autophagosomes move to the lysosome to form an autolysosome and recycle or remove dysfunctional cytosolic cargoes. In addition, even wild-type adenoviruses or conditionally replicating adenoviruses (CRAds) can trigger autophagy to maintain the infected cells’ viability for delivery of viral DNA and expression of adenoviral structural proteins [1]. Subsequently, infected cells die, and the viral progeny spreads to neighboring cells to continue the infection cycle [2].Autophagy is thus an essential process preventing normally functioning cells from becoming mutated or deregulated. In spite of this, abnormal autophagy is connected with various diseases, including cardio-related diseases, neurodegenerative diseases, and especially cancer [3]. Unfortunately, it is still unclear why autophagy has a controversial role as a cytoprotective mechanism through the elimination of toxic unfolded proteins or oncogenic protein substrates that is important for homeostasis. On the one hand, autophagy promotes tumor growth by meeting the biosynthetic needs of highly proliferative cancer cells and providing resistance to anticancer drugs. On the other hand, autophagy suppresses tumorigenesis in its early stages through the elimination of damaged organelles and cells [4]. This Special Issue summarizes recent advances made in understanding autophagy in cancer progression and therapeutics.



Chemotherapy often induces a number of cellular responses, such as autophagy, apoptosis, and senescence (Figure 1) [5]. One of the most effective chemotherapeutic agents used in the treatment of various cancer types is doxorubicin (DOX). However, DOX may cause the development of cardiotoxicity, and so its use is limited. The accumulation of mitochondrial reactive oxygen species is directly linked to the development of DOX cardiomyopathy [6]. Investigations into the role of autophagy in the heart have shown that a lack of the protein necessary for autolysosome formation (lysosome-associated membrane protein 2) leads to accumulation of autophagic vacuoles, dysregulation of protein degradation, and the development of cardiomyopathy [7,8]. On the other hand, an overexpression of autophagy results in cardiac dysfunction [9]. Unfortunately, the role of autophagy in DOX cardiotoxicity remains unclear. Nevertheless, Ryan et al. established that the maintenance of basal autophagy signaling in DOX-treated rats prevents oxidative damage to mitochondria, while a decrease in autophagosome formation below baseline disrupts the redox balance in the heart [10]. This clinical trial highlights the importance of time course studies in the development of strategies to prevent DOX cardiac dysfunction.



The importance of treating patients in a time-dependent manner is also observed in another investigation wherein chronic myelogenous leukemia cells were treated by Pyrimethamine (Pyri) [11]. It was established that autophagy activation correlates with time and concentration upon exposure to Pyri. Additionally, it was noticed that apoptosis increases because of drug concentration but is independent of time. Thus, this study suggested that Pyri can induce the expression of autophagy and apoptosis markers and lead to the regulation of different forms of cell death by causing the suppression of the oncogenic transcription factor STAT5 (signal transducer and activator of transcription 5). The recent studies of autophagy’s role in glioblastoma therapy have also changed the question of “how to modulate autophagy” to “when to modulate autophagy” [12]. The ability of glioblastoma cells to avoid cell death in the presence of chemotherapy is due to autophagy. Despite this, it is also known that an induction of overexpression of autophagy in glioblastoma can lead to cell death that functions synergistically with apoptosis. By focusing on the level of autophagy flux, a therapeutic strategy could be designed. However, elevated basal autophagic flux cannot always be detected under autophagy induction. For example, evidence from clinical trials suggests that the activity of the autophagy pathway is not raised in acute myeloid leukemia (AML) cell lines that are stably resistant (AraC-Res) to cytarabine (AraC) treatment, while AraC-sensitive cells increase the level of autophagy during AraC treatment [13]. AraC-Res cells cannot be re-sensitized to AraC using autophagy inhibitors; in spite of this, inhibition of autophagy in AraC sensitive cells can increase the cytotoxic effect of AraC treatment. Nevertheless, even the highest level of cell death during cotreatment is lower than the sum of each compound alone. This indicates that there are no additive cytotoxic effects of combinational treatment.



Autophagy plays a crucial role in cell survival, differentiation, metabolism, aging, and cell death. Cancer cells also need autophagy, particularly to meet biosynthetic needs. Autophagy represents a dual role in tumor suppression and progression. Both high and low levels of autophagy can have different effects on different types and stages of cancer. From all of the above, we can conclude that a wide range of factors lead to clinical outcomes that are not always expected. The targeting of such a controversial process as autophagy is extremely important to establish a gold standard for anticancer therapy.






Funding


This work was supported by the Russian Science Foundation (grant number 21-15-00213, IU).




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rodriguez-Rocha, H.; Gomez-Gutierrez, J.G.; Garcia-Garcia, A.; Rao, X.M.; Chen, L.; McMasters, K.M.; Zhou, H.S. Adenoviruses induce autophagy to promote virus replication and oncolysis. Virology 2011, 416, 9–15. [Google Scholar] [CrossRef] [PubMed]

	



Laevskaya, A.; Borovjagin, A.; Timashev, P.S.; Lesniak, M.S.; Ulasov, I. Metabolome-Driven Regulation of Adenovirus-Induced Cell Death. Int. J. Mol. Sci. 2021, 22, 464. [Google Scholar] [CrossRef] [PubMed]

	



Yun, C.W.; Jeon, J.; Go, G.; Lee, J.H.; Lee, S.H. The Dual Role of Autophagy in Cancer Development and a Therapeutic Strategy for Cancer by Targeting Autophagy. Int. J. Mol. Sci. 2020, 22, 179. [Google Scholar] [CrossRef] [PubMed]

	



Cordani, M.; Butera, G.; Pacchiana, R.; Donadelli, M. Molecular interplay between mutant p53 proteins and autophagy in cancer cells. Biochim. Biophys. Acta Rev. Cancer 2017, 1867, 19–28. [Google Scholar] [CrossRef] [PubMed]

	



Xu, J.; Patel, N.; Gewitz, D. Triangular Relationship between p53, Autophagy, and Chemotherapy Resistance. Biochim. Int. J. Mol. Sci. 2020, 21, 8991. [Google Scholar] [CrossRef]

	



Smuder, A.J.; Sollanek, K.J.; Nelson, W.B.; Min, K.; Talbert, E.E.; Kavazis, A.N.; Hudson, M.B.; Sandri, M.; Szeto, H.H.; Powers, S.K. Crosstalk between autophagy and oxidative stress regulates proteolysis in the diaphragm during mechanical ventilation. Free Radic. Biol. Med. 2018, 115, 179–190. [Google Scholar] [CrossRef] [PubMed]

	



Nishino, I.; Fu, J.; Tanji, K.; Yamada, T.; Shimojo, S.; Koori, T.; Mora, M.; Riggs, J.E.; Oh, S.J.; Koga, Y.; et al. Primary LAMP-2 deficiency causes X-linked vacuolar cardiomyopathy and myopathy (Danon disease). Naturei 2000, 406, 906–910. [Google Scholar] [CrossRef] [PubMed]

	



Tanaka, Y.; Guhde, G.; Suter, A.; Eskelinen, E.L.; Hartmann, D.; Lullmann-Rauch, R.; Janssen, P.M.; Blanz, J.; von Figura, K.; Saftig, P. Accumulation of autophagic vacuoles and cardiomyopathy in LAMP-2-deficient mice. Nature 2000, 406, 902–906. [Google Scholar] [CrossRef] [PubMed]

	



Nishida, K.; Kyoi, S.; Yamaguchi, O.; Sadoshima, J.; Otsu, K. The role of autophagy in the heart. Cell Death Differ. 2009, 16, 31–38. [Google Scholar] [CrossRef] [PubMed]

	



Montalvo, R.N.; Doerr, V.; Kwon, O.S.; Talbert, E.E.; Yoo, J.K.; Hwang, M.H.; Nguyen, B.L.; Christou, D.D.; Kavazis, A.N.; Smuder, A.J. Protection against Doxorubicin-Induced Cardiac Dysfunction Is Not Maintained Following Prolonged Autophagy Inhibition. Int. J. Mol. Sci. 2020, 21, 8105. [Google Scholar] [CrossRef] [PubMed]

	



Jung, Y.Y.; Kim, C.; Ha, I.J.; Lee, S.G.; Lee, J.; Um, J.Y.; Ahn, K.S. Pyrimethamine Modulates Interplay between Apoptosis and Autophagy in Chronic Myelogenous Leukemia Cells. Int. J. Mol. Sci. 2021, 22, 8147. [Google Scholar] [CrossRef] [PubMed]

	



Khan, I.; Baig, M.H.; Mahfooz, S.; Rahim, M.; Karacam, B.; Elbasan, E.B.; Ulasov, I.; Dong, J.J.; Hatiboglu, M.A. Deciphering the Role of Autophagy in Treatment of Resistance Mechanisms in Glioblastoma. Int. J. Mol. Sci. 2021, 22, 1318. [Google Scholar] [CrossRef] [PubMed]

	



Visser, N.; Lourens, H.J.; Huls, G.; Bremer, E.; Wiersma, V.R. Inhibition of Autophagy Does Not Re-Sensitize Acute Myeloid Leukemia Cells Resistant to Cytarabine. Int. J. Mol. Sci. 2021, 22, 2337. [Google Scholar] [CrossRef] [PubMed]








[image: Ijms 24 07973 g001 550] 





Figure 1. Chemotherapy leads to activation of autophagy, which can be divided into basal autophagy flax and high autophagy flax. Depending on the tumor type and stage basal level, autophagy can induce both cell death and, in most cases, resistance to anticancer drugs. In contrast, a time-dependent overexpression of autophagy caused by a high concentration of chemotherapy drugs leads mostly to cell death and tumor suppression. Thus, concentration and time of action of the drug can regulate autophagy flax. 
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